In this paper, two important methods which apply for solving Fuzzy differential equations are compared. These methods are: 1. Zadeh extension principal 2. Standard Euler method The methods are compared by numerical examples.Also in each case by approximating the errors,the converges of the methods will be considered.
Introduction
In 1972, Chang and Zadeh [27] first introduced the concept of fuzzy derivative, followed up ten years later by Dubois and Prade [28] , who used the extension principle in their approach.
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This paper is organized as follows: in Section 2, we recall some basic definitions and theoretical background that we need throughout this paper.
In section 3 we define the problem, this is a fuzzy Cauchy problem [11, 9] whose numerical solution is the main interest of this work and we apply the standard Euler method for systems [1, 7, 8, 13] followed by a complete error analysis and show that the numerical solution converges to the unique solution.
In section 4, we study FDE where the fuzzy function is obtained via Zadeh's extension principle. We get a fuzzy solution for this class of FDE [2, 4] .
In section 5, the mentioned method has been applied to two examples , finally we compare these two methods with each other.
Preliminaries
In this following the most basic notations used in fuzzy calculus are introduced. We start by defining the fuzzy number.
Definition 2.1
A fuzzy number is a fuzzy set u ∶ R 1 → I = [0, 1] which satisfies i. u is upper semicontinuous. ii. u(x) = 0 outside some interval [c, d] .
iii. There are real numbers a,b: c ≤ a ≤ b ≤ d for which
The set of all the fuzzy numbers (as given by Definition 2.1) is denoted by E
1 . An alternative definition which yields the same E 1 is given by Kaleva [21] .
Definition 2.2
Let U be a fuzzy set on R [4] . U is called a fuzzy interval if: (i) U is normal: there exists x 0 ∈ R such that U(x 0 ) = 1; (ii) U is convex: for all x , t ∈ R and 0 ≤ λ ≤ 1, it holds that U λx + 1 − λ t ≥ min U x , U t (iii) U is upper semi-continuous: for any x 0 ∈ R , it holds that U(x 0 ) ≥ lim
is a compact subset of R. The α −cut of a fuzzy interval U, with0 < α ≤ 1 is the crisp set
. For a fuzzy interval U, its α −cuts are closed intervals in R. Let denote them by
If u ∈ F(R), then u is called a fuzzy interval and the α −level set [u] α is a nonempty compact interval for all α ∈ [0,1]. Let , ∈ and let c be a positive number. The addition + and (positive) scalar Multiplication c.u in E n are defined in terms of the a-level sets by 
Definition 2.3
A fuzzy interval U is called a triangular fuzzy interval if its membership function has the following form:
and its − cuts are simply U α = a + α b − a , c − α c − b , α ∈ 0,1 [5] . In this paper, the set of all fuzzy intervals is denoted by F(R). We will next define a metric D in E 1 and the fuzzy function notation [20] .
Definition 2.4
For arbitrary fuzzy numbers = , and v = v , v the quantity
is the distance between u and v. This metric is equivalent to the one used by Purl and Ralescu [23] and Kaleva [21] . It is shown [24] [10] ).
Definition 2.5
A function f: R 1 → E 1 is called a fuzzy function. If for arbitrary fixed t 0 ∈ R 1 and ε > 0, a δ > 0 such that
exists, f is said to be continuous. Throughout this work we also consider fuzzy functions which are defined only over a finite interval [a, b] (we simply replace R 1 by [a, b] in Definition 2.5).
Definition 2.6
Let , ∈ be . If there exists w ∈ F R n such that = + then w is called the H-difference of u and v and it is denoted by u − v.
Definition 2.7
Let f: T → F R n be and t 0 ∈ T .We say that x is differentiable at t 0 if:
There exists an element ′ 0 ∈ such that, for all h > 0 sufficiently near to 0,there are f t 0 + h − f t 0 , f t 0 − f t 0 − h and the limits (in D-metric)
There is an element f ′ t 0 ∈ F R n such that,for all h < 0 sufficiently near to 0,there are f t 0 + h − f t 0 , f t 0 − f t 0 − h and the limits
Note that derivative in the first form (I) is coincident with the H-derivative .Also, if x is differentiable in the first form (I) and f ′ t 0 ∈ F R n R n then, from Definition 2.7, it is not differentiable in the second form (II) and vice versa.
Theorem 1.
(Chalco-Cano et al. [17] ). Let x : T → F(R) be a function and denote 
(ii) If x is differentiable in the second form (II), then and are differentiable functions and
The result of Theorem 1, gives us a procedure to solve the fuzzy initial value problem
where ′ is the generalized derivative (in the first form (I) or second form (II) ) in the sense of Definition 2.7, see [17, 18] . In the following result we will show the relationships between the fuzzy solution for problem (11) proposed in Section 3 and the solution of problem (11) (12) is not a fuzzy number.
Consequently, f ' ( t ) does not exist for
Furthermore, in [25] if : → is a real continuous function, then : ( ) → ( ) is well-defined function and = , ∀ ∈ 0,1 , ∈ Therefore, in order to find the endpoints of (14), we need optimization technique. On the other hand, if f : R n → R n is a continuous function, then : ( ) → ( ) is a well-defined function, and(see [19] ) = , ∀ ∈ 0,1 , ∀ ∈
Fuzzy Cauchy problems
In this section we will give a short review on numerical solutions of fuzzy differential equations. For more detail, refer to [22] . First, we follow Kaleva [21] and define a first-order fuzzy differential equation. We then replace it by its parametric form and solve the new system which consists of two classic ordinary differential equations numerically. Following [14] we define a first-order fuzzy differential equation by
where x is a fuzzy function of t, f ( t , x ) -a fuzzy function of the crisp variable t and the fuzzy variable x, and x' is the fuzzy derivative of x [6] . If an initial value x(t 0 )=x 0 is given, we obtain a fuzzy Cauchy problem of first order: 
The fuzzy Euler method
To integrate the system given in Eq. (18) 
Lemma 2.
Let the sequences of numbers =0 , 
Theorem 2
For arbitrary fixed : 0 ≤ ≤ 1, the two step approximates of Eq. (24) converge to the exact solution[ ( , ), ( , )] .
Zadeh's extension principle
In [26] , Zadeh proposed the so-called extension principle which becomes an important tool in fuzzy set theory and its applications. The principal idea of Zadeh's extension principle is that each function : → induces another function : → defined for each fuzzy interval U in X by
In this case, the function is said to be obtained from f by Zadeh's extension principle. In general, the computation of is not an easy task. An exception occurs when f is monotone. The fuzzy initial value problem solving by this method:
where
is obtained by Zadeh's extension principle from a continuous function ∶ [0, ] × → R n , where ⊂ R n . Note that f is continuous because g is continuous (see [19] ) and by (13) 
, where ( , ) = { , ∈ }. Associated with FDE(30) we can consider the deterministic differential equation (DDE):
where x ' (t) is the derivative (crisp) of a function ∶ [0, ] → R n . We obtain a fuzzy solution for (30) derived from (32) suppose that problem (32) has the solution x(t, c). Then , applying the Zadeh's extension principle to x(t, c) in relation to the parameter c, we obtain the extension = , 0 , for each t fixed, which is a fuzzy solution of problem (30)(in the sequel, this extended solution will be called the fuzzy solution for problem (30)). Theorem3. 
Example
Consider the initial value problem 
5.2.Solving by Zadeh's extension principle
Note that the initial condition C is any fuzzy interval .We apply the Zadeh's extension principle to ( , ) in relation to c, for each ≥ 0 fixed. Then we obtain the unique fuzzy solution ( ) = ( , ) of problem (a) for any initial condition C, with C a fuzzy interval, which is given by = · e −t , ≥ 0, where ( · ) is the scalar multiplication (1): 
Conclusion
In this paper two numerical algorithms for solving fuzzy ordinary differential equations is considered. A scheme based on two different methods is discussed, Zadeh's extension principle and Euler method. By Euler method we can approximate fuzzy   -reachable set, since ( ) is an interval. Numerical example shows the efficiency of implemented numerical method. Also We obtain a fuzzy solution for this class of FDE by applying the Zadeh's extension principle to the deterministic solution associated with the fuzzy problem.
we study fuzzy differential equations (FDE) and We give some properties and we show that The method presented in this paper greatly improve the solution technique for the computation of functions that take fuzzy sets as their arguments.
